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ABSTRACT 

Over the past few years, concerns regarding water scarcity and pollution have become more 

prominent. In many regions, water supply management requires support. This study aimed to 

determine the effect of greywater on vegetative parameters and chemical content on the yucca 

plant by using pots studies under greywater stress. This study was carried out in pilot plant of the 

experimental area, National Research Centre, Dokki, Cairo, Egypt, during the two successive 

seasons of 2021-2022.  Yucca plants were irrigated with greywater at different dilutions by tap 

fresh water at the following percentage of greywater: 50%:50% (50%greywater,50% tap water); 

67%: 33% (67% greywater, 33% tap water); 75%:25% (75% greywater, 25% tap water);100% 

(100% greywater, 0% tap water) while the control samples were irrigated with tap water only.  It 

was found that irrigation of yucca plant with raw grey wastewater recorded the highest values in 

the proline content, protein and chlorophyll a, b in the plants, while all the vegetative parameters 

were decreased. By irrigation with 75:25 greywater (i.e., 75 % greywater: 25% freshwater), 

higher values in cell carbohydrates content were recorded compared to the control (i.e.,100% tap 

water) and other treatments. On the other hand, irrigation with 67% greywater recorded the 

highest values in vegetative parameters, followed by irrigation with 75% greywater in 

comparison with the control one (tap water). From this study, it was concluded that long-term 

irrigation with greywater exhibited a beneficiary effect on Yucca plant. 
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INTRODUCTION 

Greywater management is gaining importance, particularly, in the low and middle-income 

countries where inadequate treated wastewater should be considered to avoid the negative impact 

on both public health and the environment (Abdel-Shafy and  Al-Sulaiman, 2014). Recently, 

greywater has been identified as a valuable and adequate source of water for irrigation to reduce 

the consumption of fresh water while increasing the food security (Assayed et al., 2010; Abdel-

Shafy et al., 2015). The treatment of wastewater using phytoremediation is one of the desirable 

treatment technologies in many parts of the world (George and Gabriel, 2017; Abdel-Shafy and 

Mansour, 2018 ). 

It is well documented that, wastewater discharge to the environment causes serious 

eutrophication and water borne diseases(Mansour and Abdel-Shafy, 2021, Abdel-Shafy and El-

Khateeb, 2019).  Separation of wastewater into grey and black has gain an interest in several 

countries for purpose of reuse or recycling particularly in the remote areas and decentralized 

wastewater treatment (Abdel-Shafy et al., 2014 a). 

The greywater can be obtained by separating of the household wastewater into black, and 

grey wastewaters (Abdel-Shafy, and Al-Sulaiman, 2014). The later was obtained by excluding 

the wastewater from the toilets by separating piping system. Greywater includes wastewater 

from washbasins, kitchen sinks, laundries, washing machines, and dishwashers(Maimon et al., 

2010, Abdel-Shafy and Al-Sulaiman, 2014). Generally, generally; accounts for 70% to 73% of 

the combined residential municipal wastewater. While blackwater is about 90% vacuum 

toilets(Abed and Scholz, 2016; Avery et al., 2007). Therefore, greywater is not contaminated by 

human excrete. 
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On the other hand, ornamental plants have the characteristics of fast growth, huge biomass 

production, faster propagation, a large root system, and high tolerance. These characteristics are 

considered excellent for multifunctional phytoremediation (Ayala-Hernandez et al., 2022). 

Yucca gloriosa L. belongs to the family Asparagaceae, subfamily Agavoideae. Yuccas are 

economically important; they are used as living fences and windbreaks. Fibers are extracted from 

their leaves including wines, baskets, and other useful utensils. The roots, stems, leaves, shoots, 

flowers, and seeds of several Yuccas species contain antioxidant, antimicrobial, anti-

inflammatory, antidiabetic, and hypocholesterolemic compounds, among others(Ayala-

Hernandez et al., 2022). 

This study aimed to determining the effect of greywater on the yucca plant in terms of 

growth and phytoremediation plant under such stress condition. Therefore, greywater was 

employed at variable dilution factors as source of irrigation. 
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MATERIALS AND METHODS 

Sources of Raw greywater: Real household wastewater was separated into three types of 

water; namely: Grey (G), Black (B), and Yellow (Y) water. These types of wastewaters were 

segregated and collected from one house across a “Training Demonstration Center” (TDC) site 

constructed in the National Research Centre (NRC), Cairo, Egypt. This concerned house 

composed of two separated sides. Each one of these sides composed of five apartments. One of 

these sides is presently connected to the TDC center as separated G, B, and Y water constructed 

manholes. The collected greywater (GW) was used in the present study. It includes wastewater 

from showers, baths, hand wash basins, dishwashers, washing machines, and kitchen sinks. 

Pots experiment was carried out at the greenhouse of National Research Centre, Dokki, 

Cairo, Egypt, during the seasons of 2021-2022. The study was conducted using Yucca plant in 

pot experiments by cultivating in plastic pots of 30 cm in diameter and 50 cm in depth field with 

6 kg soil the pots were filled with media containing a mixture of sand and clay soil as 1:1 by 

volume. The experiment included 4 treatments of greywater with various dilutions of gray water 

at the following percentage of greywater: tap water 50:50%, 67:33%, 75:25%, and 100:0% while 

the control samples were irrigated with tap water only.  

For chemical analyses, soil samples were collected from different locations in the plantation 

at 0- 30 cm depth and analyzed for chemical characters according to the standard procedures 

described by (Wilde et al., 1985) (Table 1). One homogenous terminal cutting of Yucca plants 

(10 cm) in length was obtained from nursery of private company. The seedlings were planted at 

the second week of May in both seasons 2021-2022 as one seedlings/pot 30 cm diameter. 
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Phosphorus fertilizers were added before transplanting. Moreover, N and K were added to the 

media according to the recommended dose of Ministry of Agriculture after 30 days from 

transplanting. 

The irrigation regime was applied after 45 days from transplanting and the quantity of water 

was adjusted to reach the field capacity. After 30 days from the transplantation, the plants were 

irrigated with the various dilutions of greywater during all the experimental periods. These 

experiments were set in a completely randomized design with 5 replicates. 

The following data were recorded: 

1- Plant height (cm). 2- Stem diameter (mm). 3- Leaf area index (cm2) 4-Number of branches / 

plants.5-Number of leaves / plants. 6-Fresh and dry weight of leaves (g).   7- Fresh and dry 

weight of stems (g). and 8-Fresh and dry weight of roots (g). 

hemical constituents: 

Pigments contents (chlorophyll a, b and carotenoids (mg / g) Fresh weight(F.W.) were 

determined according to(Metzner et al., 1965). Total carbohydrates (% Dry weight (D.W)) were 

determined according to the method described by (Herbert et al., 1971). Proline content (ug / g) 

was determined according to the method mentioned by (Bates et al., 1973). Protein content as 

(mg / g F.W.) was determined according to the method described by (Alsmeyer et al., 1974). 

The experimental design. was randomized Complete block design. Each treatment was 

Contained five replicates. The recorded date (the average of two seasons) were subjected to one-

way analysis of variance (ANOVA) according to (Snedecor and Cochran, 1980) by using costate 

program. The values of least significant difference (L.S.D) and the means were Compared using 

L.S.D. test at 5% levels probability. 
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RESULTS AND DISCUSSIONS 

Physical and Chemical Characteristics of the raw greywater: 

The physical and chemical characteristics of the employed raw greywater are given in Table 

(2). The given data reveal that the given greywater is within a low strength wastewater. The 

determined Biological Oxygen Demand (BOD)/ Chemical Oxygen Demand (COD) ratio 

indicated a good bio-degradable type of greywater (Abdel-Shafy et al., 2014 b) The recorded 

level of Biological Oxygen Demand (BOD), Chemical Oxygen Demand (COD), and Total 

Suspended Solid (TSS) are less than that employed by other investigators (Regelsberger et al., 

2007) 

Table 1: Physical, soluble cations, and soluble anions of pot soil before agriculture. 

Physical characteristics Soluble Cations (ppm) Soluble anions (ppm) 

PH EC(ms/cm) Ca Mg Na K CO3-- HCO3
- Cl- SO4-- 

7.64 0.93 3.5 1.5 3.6 0.8 - 0.9 4.8 3.7 

Table 2: Physical and Chemical Characteristics of the employed raw greywater in the present 

study. 

Parameter Number of samples  Unit Min. Max. Average 
HP 22 --- 5.92 7.80 6.83 

Temperature 22 0C 26.33 28.87 28.01 

Electrical Conductivity (EC) 22 ms/cm 517 895 678 

 (TSS) 22 mg/l 62 166 115 

 (COD) 22 l/2mg O 303 542 402 

)5BOD(  22 /l2mg O 179 332 289 

BOD/COD ratio 22 --- 0.58 0.63 0.60 

Oil & Grease 22 mg/l 88 221 149 

Sodium Absorption Ratio 

(SAR) 
18 % 21 28.8 24 
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Vegetative growth: 

The given results in Fig (1) show no significant increase in the vegetative characteristics of 

yucca plant. The treatment of 67% greywater recorded the highest values in the vegetative 

parameters, followed by irrigation with 75% greywater compared to the control (tap water) and 

the other conducted treatment. On the other hand, the irrigation with 100% greywater recorded a 

significant decrease in plant height, the fresh and dry weight of leaves, and the total dry weight 

of the plant. Meanwhile, a significant decrease was recorded in leaf area, number of leaves, root 

length, stem diameter and total fresh weight of the yucca plant. 

Table 3: the effect of greywater on soil characteristics after agriculture 
 

 Analyses type Soluble Cations (ppm) Soluble Anions (ppm) 

Percentage of 

greywater: 

fresh water 

HP EC 

(ms/cm) 
Ca Mg Na K --

3CO -
3HCO -Cl -

4SO 

Control 7.3 0.53 2 1.5 1.3 0.8 - 2.4 2 1.2 

50%:50% 7.8 0.73 2.5 1 2.60 1.32 - 2.92 2.8 1.6 

67%:33% 7.9 0.7 3 1.5 1.90 0.95 - 3.75 2.4 1.2 

75%:25% 7.9 0.63 2.5 1 2.10 0.83 - 3.63 2 0.8 

100% 

greywater 
7.8 0.74 2.5 1.5 2.30 1.2 - 4.3 2 1.2 

*Control: (tap water); 50%:50% (50%-greywater,50% tap water); 67%: 33% (67% greywater, 33% tap 

water); 75%:25% (75% greywater, 25% tap water);100% (100% greywater, 0% tap water)  

Table3 shows that, irrigated yucca plants with 100% graywater recorded the highest values 

in Na, K, Cl- elements and So4. That means, it has the ability to tolerate irrigation with gray 

water without mixing it with water. 
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From Table (1) and (3) it was found that, soil characteristics after planting of yucca plants 

recorded the lower values in Soluble Cations and Soluble anions while, soil characteristics 

before planting of yucca plants recorded the higher values in Soluble Cations and Soluble anions, 

it means that yucca plants uptake Soluble Cations and Soluble anions form soil and irrigation 

water in the cells to decrease the toxicity from soil.  
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Figure (1): the effect of greywater on growth plant *Control: (tap water); 50%:50% (50%-

greywater,50% tap water); 67%: 33% (67% greywater, 33% tap water); 75%:25% 

(75% greywater, 25% tap water);100% (100% greywater, 0% tap water). 
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These results hold true work with (Ikhajiagbe et al., 2020). They reported that, there was a 

general decrease in leaves numbers of Vigna unguiculata L plants under greywater treatments 

compared with the control plants. 

The present results showed there was no significant difference in growth parameters 

between seedlings irrigated with greywater and those irrigated with tap water. The response of 

plants to greywater depends on the specific Ion toxicity (due to the presence of Na, Boron, and 

chloride in greywater), which induce changes in soil properties in terms of elements 

accumulation and pH levels. it could be suggested that greywater have no a difference effect on 

plant in the short period but may be observed in long term (Ikhajiagbe et al., 2020). 

The reduction of growth parameters of plants treated with gray water observed in the present 

study could have consequently been due to chemical constituents and/or gray water parameters 

which affect directly or indirectly reduce the bioavailability of plant nutrients. These results were 

in agreement with the results of (Ali et al., 2004), who mentioned that the decrease in plant 

growth may be due to decrease water uptake toxicity of Na and chloride (Cl-) in the cells and 

reduced photosynthesis. The gray water hazard affect may be due to the contain of greywater 

from toxic elements such as Chlorides, phosphates and Sodium that can harmful the vegetative 

growth and chemical constituents of the plants (Ayers and Westcot, 1985). 

Chemical content: 

From Table (4) and Fig. (2) it was found that, irrigation of yucca plant with 75% and 100% 

gray water recorded the highest values in proline, chlorophyll a, b content compared with control 

plant while, Irrigation with 75% gray water recorded the higher values in carbohydrates content 

compared with the control (i.e., tap water and other treatments).On the other hand, irrigation with 
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75 % graywater recorded the higher values in cell carbohydrates content compared to the control 

(i.e., tap water and other treatments). However, there is no significant decrease on protein and 

proline under irrigation with 50% and 67% greywater. 

Table (4): the effect of greywater on Chemical content 

Treatments 

/Parameters 

Proline 

(ug /g) 

Protein 

(mg / g 

F.W.) 

Chlorophyll a 

(mg / g) 

Chlorophyll b 

(mg / g) 

Carbohydrate 

(mg / g) 

Control 9.54 0.062 0.17 0.05 4.66 

50% 7.73 0.071 0.36 0.18 10.26 

67% 4.42 0.0432 0.26 0.09 5.20 

75% 11.57 0.042 0.46 0.23 10.26 

100% 11.46 0.061 0.52 0.20 4.60 

L.S. D 1.90 0.016 0.15 0.07 2.17 

* Control: (tap water); 50%:50% (50%-greywater,50% tap water); 67%: 33% (67% greywater, 

33% tap water); 75%:25% (75% greywater, 25% tap water);100% (100% greywater, 0% tap 

water. 
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Figure (2): The effect of greywater on Chemical content *Control- tap water; 50%-

greywater,50% tap water; 67% greywater, 33% tap water; 75% greywater, 25% 

tap water; 100% greywater, 0% tap water. 

This study shows that the application of greywater increases the chlorophyll content of 

yucca plant compared with control, these results may be due to correlated with the metal induced 

inhibition of photosynthetic process and respiration of shoot systems and synthesis protein in the 

root. 

Based on the effect of natural and gray water, its element content and its continued use for 

irrigation affect the vegetative growth of plants, protein, carbohydrate, and proline content. 

(Hatata and ABDEL, 2008; Kabir et al., 2010; Khalilzadeh et al., 2020). 

Previous studies revealed that there was a marked decrease in the protein content based on 

greywater treatments (Chen et al., 2003; Khosravinejad et al., 2009). The presence of sodium 

chloride in irrigation water reduced the protein content in the plant(Chao et al., 1999). Other 
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investigators mentioned that the increase in protein content of the tomato plant is due to the 

presence of salts in the irrigation water (Nyagatare et al., 2021). 

 

CONCLUSIONS AND RECOMMENDATIONS 

Irrigation with 67% greywater recorded the highest values in vegetative parameters, 

followed by irrigation with 75% greywater compared with the control (tap water). From this 

study, it was concluded that long term irrigation with greywater exhibited a beneficiary effect on 

Yucca plant in terms of vegetation. Nevertheless, it is recommended that greywater should 

receive adequate treatment to be safely reused as a reliable source of restricted irrigation. 

Consequently, further studied should be fully carried out to insure the given recommendation.  
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 إعادة استخدام المياه الرمادية في ري نباتات اليوكا  
 تحت ظروف إجهاد المعالجة بالنباتات

 
 (2)حسين إبراهيم عبد الشافي -(1)هشام ابراهيم القصاص -(2)متولي سامي -(1)كفافي مصطفى محمدي

 المركز القومي للبحوث  (2البيئية، جامعة عين شمس  كلية الدراسات والبحوث( 1
 

 المستخلص
 نإفناطق ن المروزًا. في العديد م، أصبحت المخاوف بشأن ندرة المياه والتلوث أكثر بعلى مدى السنوات القليلة الماضية

لنباتية اصفات  . ولقد هدفت هذه الدراسة إلى تحديد تأثير المياه الرمادية على الات المياه تتطلب الدعم بشكل واسعإدارة إمداد
، لقاهرةا، القومي للبحوث، الدقيوالمحتوى الكيميائي في نبات اليوكا باستخدام دراسات الاصص. أجريت هذه الدراسة بالمركز 

بة العذ المتتاليين. تم ري نباتات اليوكا بالمياه الرمادية بتخفيفات مختلفة بمياه الصنبور 2022-2021، خلال موسمي مصر
 ٪ مياه67) ٪33٪: 67؛ ٪ ماء عذبة(50٪ ماء رمادى ، 50)٪ 50٪: 50بالنسبة المئوية التالية من المياه الرمادية: 

٪ ماء 0٪ مياه رمادية ، 100) ٪100٪ ماء حنفية( ؛ 25رمادية ، ٪ مياه 75) ٪25٪: 75٪ ماء عذبة( ؛ 33، رمادية
على القيم ( سجل أ %100بماء عذبة فقط. وجد أن ري نبات اليوكا بالمياه الرمادي الخام) بة ( بينما تم ري عينات الكنترولعذ

الري  رات الخضرية. عن طريقفي محتوى البرولين والبروتين والكلوروفيل أ ، ب في النباتات ، بينما انخفضت جميع المتغي
لى في ، وكذلك تم تسجيل قيم أع٪ مياه عذبة(25٪ مياه رمادية: 75( من المياه الرمادية )أي  75:25باستخدام التخفيف ) 

٪ 67 ، سجل الري باستخدام( ومعالجات أخرى. ومن ناحية أخرى ٪ ماء عذبة100محتوى الكربوهيدرات مقارنةً بالكنترول )أي 
نترول )مياه ٪ من المياه الرمادية مقارنة بالك75لرمادية أعلى القيم في المتغيرات  الخضرية ، يليه الري بنسبة من المياه ا

 ، نستنتج أن الري طويل الأمد بالمياه الرمادية كان له تأثير مفيد على نبات اليوكا.الدراسةعذبة(. ومن هذه 
 نبات اليوكا. ، معالجة المياه،، المعالجة النباتيةالمياه الرمادية، نباتات الزينة الكلمات المفتاحية:

 

 


